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The Febmutzt Oompant Limited^ a 
Bijtish Ccm^)anyj of Peconitk H0ase> Gtmne^ 
imry Avenoe, LcmdxRi, do hereby declare 
tbe inveodoii^ for 'wli^ wc pcaj ^ patent 
SDAv be gnm]»i to lis, and die mediod 
it Is m be pofonned, to be paraculaiiy 
desccibed in. and by die following stato* 
ntftitf:' — ■ 

It is koiowii CO reauyve dissolved sahs from 
fiqinds by passing die fiqnid in qnesdon 
dirou^ evety ahernare coinipaftixien^ ol a 
mnld-con^artxncaat decttodia^^c cdl jn. wlddi 
t2ie oQamartmeots sre s^Nsstcd frooot one 
Rsodker vfj ioitsdectiFQ jsenibcanes* 

f^ocesses of dda loud are Tety auinAie for 
die dcaninaafiBaiiQa of water 1^ tbe passage 
of die ^vatcr dicoiigh. comnwnnignts eadi 
bounded <m one side by cadooTselective 
meuibiaiie and ixx ibe odicr sde by an anion" 
Kkcdve inenilxrane^ YvbDe ^.aecQoa 
^usual^ also watet) flows tbroudi tbe remain* 
nig coomaments to receive nie ions ttaiUH 
pocted tfiroo^ die membranes \fg die dectxic 
cmient flowmg dmMi^ die cdL \7toi tbe 
tot^ axnoimt of dissdyed scduis in die water 
under tceatnent falls toaboot SCOppmoris 
no more than diis midally, it is necessary to 
ap^ so bi^ a vdtage tD die cdl diat tbe 
process ceases to be economic. 

Xt is also^ known to ffl tiie OHimartments 
w^ grsmilar ionoa^ange mateffri. The 
reason for dcm^ dds is to increase die eleo- 
ticsk cQodnctxvity in die ocHiroaitments and so 
tD reduce die ovmQ electrical resistance wben 
tbe ccmceotFation {^ ionised dissolved sdkk 
in tbe liooid is low. Cmsequentfy water iXMih 
taining kss tiian 500 man total dissolved 
scdids can be economicaSy tra^ 

Tbe graimlar ion-excban^ materials most 
widdy used at die present time are resin beads 
of from 05 to 1 mm in diameter* Now the 
use of gtanolea «icb as re^ beads bas several 
Tm^ it is difficak to ensoie 



tbat di^ are initially disttibnted evenfy wiiliin 
a cosopartmeot and tbat die several conqyart?* 
meots tluxm^ wbicb die liqmd to be treated 
nsnaHy flows in paraUd screams are evenly 
packed. H one con^iartnieDt ocaatains more 
gnmnks than anotfaer^ less ^xfM, w91 flcn? 
tbrongh it than dmmg^ tbe other. Nest it 
is difficult to Ice^ the gtanides in jdace in a 
CQo^Ktrtment. At tlie best die padked mass of 
gramdes boxunes displaced by die liquid, widi 
tiie ttsolt tiiat diarmfilling widi its attendant 
dtawbad:s occota. It may evea happen tbat 
some of the grannies are swqit oat <^ die 
comp artm ent to lodge in and dog the passage 
throng wMdi tlie Jiqcdd flows after leaving 
die compartment* 

Again, die assembly: of a ceil contaioing 
grannies is very tedioiia and it is difficult to 
prevent the grmiles ftom iodghig between 
the smfiices wbicb dioald mate to seal each 
coa^nrtme&t from dw msst, Fnidiera where 
the j^c&ed massof grannies touches die 
tone faces the geometry of the mass is 
different &om tiiac in the remainder of the 
mas^ and more liquid tends to flow along tiie 
walls tlian throng die bu^ of tlie mass* 
Hiis uneven flow is Tmdesfrrfile, Finally, if 
the compartments are padked with gcanules 
the total re^stanoe to flow of the Hqnid 
is increased and die cost of pmiqping die 
liquid ditoogb die odl & bi^jL 

According to this invention we use not 
beads but sheets of material living ion- 
exdiange properdes \diich m^ be pieces of 
ioQrsdective membrane. The sheets m^ be 
pot In all die oompaxtments but in general 
It xs €3 ^0^ to yn: tltem in diose oonq>art- 
ments ditoiig^ vdiich the liquid under treat- 
ment flows and in n^dch the decttol^OTi* 
centradon is or becomes low. 

The dieets may all have ion-exchange pro* 
perties of only one fcmd» bixt if it is de£ed 
to have bom catKm-oscbange and aniQib< 
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cschange matmal in ^ csmsgstaosDXi 
dicetB cf imds cf matedal may' be put 
Jn the conqwtmeac tr liie sheets used 
cQQtaia both CBdmhexdaDge and ankm- 
5 exchange gtoops. . ^ , . 

The shem majr advantBgcousIy be of sub- 
BtamMy tite same lengA and viddi as the 
iDfimbiane laces witbhi the cozx^flztx^^ As 
18 ^ case with beads, the ^icets must alloFW 
liqmd to flow ibroagh the ocm^anmeots. To 
tjilg gftft they may be flat and peifaaatedi comi-' 
gated with or witboot pefoiariaiw, < g em- 
bossed wjth a pattern; mcy may be «rf gauze 
or woven falmC) «r tltecy ms^ be f onncd of 
gcamiles Ta^ss^ cemented togethcci so as to 
be liqaidpcxmeable: Atensfivdy the sheets 
mayoe fiaaUer ^assy ^e coinypartmeiit^ for 
exan^de thi^ nuy be pieces cat £com laxger 
sheets* Snda cut pieces msQT be of any Aap^ 
fffW xcgohr or mci^alar. 

Li any case tiie ahem are paiaM sob- 
StantiaHy paraEd to the mfimbrane fiace^ 
gTnw» a compartment is nonnaify very narrow 
and. a sheet can be inseited m It with the 
mn\fw &ces the sheet paiaSd to tiiemeflah 
farane &ces. Yanoas arrangements can be 
Tised to give the reqnired flow. For e nample ^ 
die iSieetB may be onragated with the comi- 
gotkns patalld to the direction of flow or 
be cQccagated and petfiorated w& the 
ooccqgatSons IffioR at aiqr an^ <v be flat and 
pecfoated m, mSi ft way lhat die petfciations 
m -one -sheet are' staggered xdative to tiiose 
in die neact sherr. ^ 
The sheets msy poebdsit of pieces gauze 
or worai fidnfo cai^^ioiMadiange^Hzpa. 
For hiBtano^ dtey may be cotton Msdc or 
ganzedbenncaS^ treated (and so rendered moze 
fggg T'E^*^) H» tnttodnce lon-eTtrhRnfie gcOTO>8. 
Agaixiy may be pieces of a gauze cf a 
resm poiymei^ cg^ pot^fvmjl ddodd^ die 
' strait of dse gauze being coated with an 
iaibeschang& rem or ^ particJes of wch 
a zesm embedded in a mattpc Sudi sheets 
are mxassify perforated and it is sufficient 
to pot tfi ^ in face contact widi one another 
in the compartmenr imtil this is foil of the 
nafo:ated me^s. dlie weave is very dose^ 
it may- be necessary to make perforations in 
a fahtic Sindhn^, if a co^Jof on a ^oze 
hlods ihe interstice^ pei£cH:ations may be 
made in the gaoze. 

Yet agam, me dieets xmy he mboifficd so 
ss to resemible pataHd joined to one 
another tinnner webs. 

The dimensions of a "mscs^ oompai^oixent 
in a smafl cdl nuy be 12 mc^X 12 mchesX 
50 thousandilis of an inch. .Sodi a ootapai^ 
m ^t way contain no more "dian two sheets 
if these are perforatBd sheets eadi 12 inches 
sqoaze' atid & thonsan^hs dS, an indi diitfc 
sodx Aedts mqrbodi'bepeifeaced.TOdiltfilea!, 
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say^ i rfti<tmefer in a dose regular p att e rn 
but cffs^ from me anodier hi the two s he e ts . 
One ^xdi piece m^ have catkxa-exdiangep^ 65 
perdes and the <Mher amaorexdiBnge 
perties* ^ 

Again pieces in the form of discs cot mmi 
a large may be i inch in diameter and 
25 thousand of an inch dxldc» and msjr be .70 
BiiBQged ddicr so Aat the one Iflgier is all 
of the one type and the other all of tte 
cdier type or eadi type m^ i^?car m both 

When felaic or ganze is used 3t may 75 
say> 5 thousaoddis of an inch ihid^ %er8 
beii^ laid in face omtaa with one another 
toflU the compartment. Thelfffersmay atei>- 



nate In tiieir — » * » 

WHAT WE (XMM IS:— 

1. A nmhir cuiUAmUu ent dectro digro e eg 
in irfndi die oQO]|»rtinents ate separated mxn 

<Hie anodier by ionf-sdeetfve membcanesb and 
nmceiM havioig ioBKidiaiige pn^ertks Is pn>- 
vided ia' some or all of the cmi yam ncnts to 85 
inaea^ die dipfrtrif^^ oondodivxty dietttn 
altowhig Kqiild to flow 4^^^ the 
coo^iartmenta^ in vdddi the mfltcfM is in 
dieec fssasL ^ 

2. A cdl according to Oahn 1 in whidi 90 
the Aeetsarecf snbstaadaltytfae Manek neth 
andwiddi as the memfaiane ftces witMn die 

3. A cdl according to Claim 1 or €3ahn 2 

in wUch die aaiipmtni ents ccsxtain at least 95 
one sheet widi catHmrexdiaqge i^x^erdes and 
another with amonrexdiange ptopems, 

4. A cdl acoordhig to aoy cme of the p£0- 
oeding daims in which die dieets are 
pedforatcd- 

5. A cdl acoQcding to any one of the pre- 
re^in^ damis hi widdi the sheets are 
cocrugi^Ded* 

6. A cdl according to any one of the pre' 
cedhig chdms in Y^di the fleets are of ^}tic 105 
or ganze carrying ion-esdnnge groi^iSt 

7. A process for the deminerafi^don of 
TOter by passi^ of water duongh alternate 
con^)artmeQts Bounded on one side by a 
cationrseiective fl^gmhraTift and on. tlie ^er 110 
side by an anhm-sdecdve membrane m a 
moldrornqpartment dectctdialytic ceil idule a 
second dectrot^te flows tiiroi:^ the reo^^^ 
c(HXQ)axtmait89 die oonmartments liifiwiffli 
^vdiidi the water to be doimietalised flows coo- 115 
f^mmiff ion-ezdiange matfrial to huxease the 
fj gc t r^i conductivity dietein wiiBe aPowfaig 
the water to flow dirongli die 



in w h^c*> the t"" tg^*^ is fa dieet 

For tiie Apdicants: 

caharteced FBtent Ageot^ 
51—52, Ghanceiy Laue^ LoDdon« W.CL2. 
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W& Thb Permou t Odmp ahy Limitkd, & 
BritiA. Cosapany^of Fermutk Hbos^ QvoDet^ 
hary Aveon^ Landan^ W.4> do her^iy dedate 
this iftvendoa lo be described m the M 
5 ptrmcDt ; 

It is kiK>wa to zemove dissolved salts ftom 
liquids pasabg the Hqtdd ia Qaeadcai 
tixcoogh evexy sTirrnHte ooix^pattnieiit of a 
^i^^i^'^^ ir^ y iw^tft ti t^*^ p^ccfT^^ y^^^y ttc ^^^^ in v?hich 
10 die coinpacttnents ate s^atated from ooe 
anodier by ioDreelecdve meoibtaiies. 
Proce^ o£ this kind are very suitabie for 
■ die demiuexalisaHan of wat3er^ but yAcxi die 
total amount of dis8(dvtd solids Ms to about 
15 500 ppm. or ia no moce ^an d^s InidaQy^ 
it is necessaty to apply so higb a vahage 
to the cell diat die process ceases to be 

Jt ia also known to fin the co mpartm ents 
20 with granular km-esEdmnge material. Hie 
advantage of dcnng this is that the overall 
dectrical lesistance is reduced when tlie cosh 
centradoa of icHiised dissolved solids in the 
Hmud is low; and coosequendy wa^ con- 
25 tammg less than 500 ppm. total di^olved 
sQHds can be ecooomkafiy treated. 

The gramilar ioo-eschange matedals most 
widi^ used at die present time ate xem 
beads cf from 1 to 2 imn in dismettc. Nov 
die use of sod^ as zenn beads has 

several disadvanta^s* _ Fitstf it is JiflUailt to 
ensure diat tfiey are initially disUIbuied evenly 
within a co mpartm ent ami that die several 
compartments tfazong|i wldcli the Scjoid to be 
tccated usually flows in pazalld streams are 
evenly packed* S csie cooD^iattment c ontain s 
more granules than anodier^ the streains Aw- 
ing throu^ diem wiE differ. Next it is 
dsmcnlt to keq> the granules In fdace in a 
coQi^artment At tlie best the padced mass of 
granides becomes disidaoed by the Hqdd, w^ 
die tesolt that "witk its atteaidam 

drawbadks occurs. It may even happen that 
some <£ the granules ate swqpt out of die 
con^artment to lodge in and cfbg die 
duoug^ whidi the Ikpxid flows after 
the oo mp ^ ^ n\pfif^ 

Again, tbe assemil^ of a ceQ containiiig 
granules is very tedious and it is dxffici^ to 
50 prevent die granules from lodging between 
the sa£acea which should mate to seal each 
conqyartment &om the nczL FurtheTj where 
die packed maa <rf granules toudies tbs mem-* 
brane faces the geometry of the mass is 
55 different from that in. die lemaiiider cf tlie- 
mass, and mote Hquid tends to flow akmgdie 
waDstimi throng die bulk of the mass. This 
uneven flow is undesitabie. Finally^ if tiie 
oompaxtments are padked with erannles the 
60 tonil resistance to the flow of tbc liqmd is 
increased and the cost of pumping tiie liqidd 
duongh die odl is Ini^h. 



Aocordix^ to this invcntkm we 
eyrhange material intt> a cdl in me mraa of 
pieces having at least one dunensfonj and pro- 
leiaHy two dimmslnna, distmctily larger man 
the usoal beads. We are wjs to use fewer 
piecesy and in the preferred forms far fewer 
pieoeSy dian die number of granules reijuired 
hitherto in a ctHK^^artment, In feet at least 
it is pc^ible by Tf^f^^B of die izEveotioii to 
avoid the disadvantages df^ciibed above; 

The pieces may all luve ion-^Dchange pro- 
potties of onty one kmd, but if it is clesued 
to have bodi caticQ-eschange and anion* 
' in a sng^ c^ij^ipgr tTngnrj 
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pieces of both kinds <^ material may be put 
m die companji ifint or die pieces used may 
contain bc^b carionreadHwigc and aniorH 
ezdiange gmups. 00 

Tbc pieces of lon-eschange Twaterial used 
aocordiiu: to this invtndoai may be dongated 
in <me dimenrioii, ie. be of a generally rod 
hke fonUj at in two dimensions^ Lo. m die - 
form of &cesu Usually one or mote major OS 
dimensions m cadi piece Is or are substao- 
txally gxeamr than a minor dimensoEU. Badx 
major dimensicHi is preferahiy ^eater than 
the dudkness of the compartmeot to be flHed^ 
and in gencxal die pieces wffl have at least 90 
one major dimendon of at least half an indu 

Tbe pieces may themsdves coo^podte^ 
being CQii^)08ed for esaxxiple of sh(^ lengdis of 
csirrded rod joined tog^her. Again^ a conir 
posite pkce im^y consist of granules H^bdy 95 
cemented together, e:g. into a sheets so as 
to be liquidpermeable. A cutting may be 
made fnan a ccaxq^osite sheet and used as a 
piece. 

Advantageously pieces of ioa-exdiange lOO 
material m^ be sh^ of a size sufficient to 
cover the whdc of a membrane face widdn 
a compartment These sheets may Jbe flat^ 
conuraced, or embossed with a pattern; they 
may be of gauze or woven fabric^ or th^ 105 
may be formed cf cemented granular material 
as mentioned above, Ateemadvely the sheets 
may be smaller than the coixq>aitmen];, for 
example di^ may be pieces cut from larger 
sheets. Su)c£ cut jgioces may be of any sh^^ 110. 
eidier r^ukr or irr^:ular. 

In order to allow liquid to flow through 
a c oi upai iu ient die piece must not cou^^letBly 
fin ibe codcmartment. Vat^os arrangements 
can be used to give the zeqoired flow. For 115 
eymplp', die pieces may be (yrrngttfd deet 
with tile corragadans parallel to the direcdcsi 
of flow or nray be sh^ corrugated and per* 
fcHBted widi d^ corrugations Ifmg at any angfle 
or be flat sheets perfiozated in sudk a w^mt 120 
tile perforations in one sbset are staggesed 
relative to those in the next sheet. 

Pieces of gauze or wovca &Sifc used aoxw^ 



mg CD d]ie jnvciitioai may beiMde, for example 
by diemically treating conm £dbdc or gauze 
to innodooe ioiKsdis^e gtonps. llie pro- 
ducts arc mtcaal]^ pez&atsd and it is soSBr* 

5 cieot to lay diese one on top of ibe odwr 
^tfl itif ^MUj i ^iJi i i gnt in Ml- the vcave 
is very dose^ it may be necessary la nuke 
3^crforiitian» In a JEabik; 
Again, tbe pieces sdzj be bmidles of im-^ 

10 exbange matedal in filxe or lod fonn. These 
' can be podxd in paraM bandies wixli tbeir 
axes poiaM tt> tbe dkecdon of Saw. The 
rods or fihccs may be of a length eqaal to 
tiiat of die compaztmeot or be ahoxter, 

15 Tec i^gaxOtf die pecesm^ be sheets or parts 
• of dieets end>oraed so as CO focm paraM xods 
joined to one anodier thinner webs. 

Ilie dimensions cf a typical compartment 
& a amiA odl m^ be U nidxcsxl2 indiesX 

20 SOdKmsanddsaoCanioA. Kwrniplestf pfeces 
' Ja aocii a cuanpanm ent wSl rsxm be gyro. 
For instancy srocii a con^aLtffiCBit ma y ooikta iii 
noinfHKdian two i^eces If these are perforated 
^beets cadi 12 incbes sgnare and 25 thDOr 

75 sanddis of an indi ^akk; sodi sheets msf 
bodi be pecforated Mfhh bcdea, s^, V dia* 
meter in a dose regular pattern but of&et 
from cmc anodier in tbe two sheets. One 



sncli piece may hare cadon-exdmnge properties 
fltitt y tft fltbgr animi-egcbange uioptatles* 30 

A gpijm pkoea in the foam of dzscs cot frxssn. 
a large weet ms^" be i indh in d famffiy and 
25 ^^r^Atha d an kdi duck^ and may be 
BosDBoi d&er so diat tfie one 1^ is aH 
cf die one type and the ^her layer all of 35 
the otiier type or eadi type may appear in 
both. layers* 

When fahdc or ganze is osed it m ^ bc^ 
say^ 5 thonsanddis of an ix&di thtcfc^ byers 
being Idd one cm top of ^ oAcr to fill 40 
i3ie ocazj^^artment. Thek^emizuQraltmiatein 
didr icHt-exdiange properties. 

U bandies of reds ate used they may be 
12 &idies ling to fill a 12 indi c(»aqmtment» 
or di^ msToe ahotter and Idd end to aid ^ 
to tna fe Tsp "dke T^grt^ of die conmartmenL 
Xhey ahrald be arranged so that me Hqrnd 
flow is along then: kogdL 

A^m, rods eadi, say> 50 thonsanddis of an 
hsdi in diameter may be laid hi a dn^ 50 
h^er to ooci^ tiie wbde ddc incsa of die 
oosi^partmenty and may be altematcly caticn* 
sdective and anicairfmctive. 

For die ^^cants: 
qrUX^ JENNINGS & BVmT> 
CbainteEtd Ftatent Agents, 

51—52, Cbamery tanc, Lradim, W.CZ 
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